This paper presents results for five separately estimated sets of employment and wage equations. The New Zealand working-age population is divided into sole parents, single men, single women, married men and married women. The results for the wage equations are as anticipated and similar to the results in other countries. A higher education level, living in a city and age (up to the early forties) increase the expected wage. Wages also differ significantly across industries and occupations. Employment follows the expected patterns as well, where women with children are less likely to be employed; education increases the employment probability; and living in remote areas decreases employment. In addition to the usual variables, unemployment affects the probability of employment negatively and a clear upward time trend is observed for sole parents, living with one's parents decreases the employment probability of singles but increases the probability for sole parents, and the change in the age of eligibility for the New Zealand Superannuation seems to affect the employment decision.
The Statistical Model
The estimation of wage equations involves a system of two correlated equations, the first of which determines selection (employment) using a probit equation, while the second determines wage rates, conditional on employment. The correlation between the two equations accounts for the possible selection into work of those with higher wage rates. The wages of workers may therefore not represent the wages of non-workers. An alternative, frequently used, approach is to include an additional term in the wage equation indicating the tendency to participate, which can also correct for this selection process without the need to estimate the wage and selection equation jointly (Heckman, 1979) . This two-step approach is discussed in Appendix 1. We prefer to use the joint model as it makes the most efficient use of the available data. However, since the two-step approach has been used in many other studies, this paper presents both approaches to allow a comparison between the two sets of results to be made.
The Data
The data used in this analysis are taken from the 1991/92 to 2000/01 Household Economic Surveys collected by Statistics New Zealand. These surveys were released on a yearly basis from 1991/92 to 1997/98, but are currently undertaken only once every three years. The survey collects information on the sources and amounts of income received by persons resident in private dwellings throughout New Zealand, along with data on a range of characteristics for all individuals within the household. Individuals in each household are linked by a household number and family number. The survey is held continuously over the year with around 2000 individuals interviewed every quarter during the financial year, 4 4 except for 1992/93 when over 3000 individuals were surveyed per quarter. In the surveys from 1991/92 to 2000/01 information is available for 68,711 individuals.
Detailed information on hours of work is required for the calculation of wage rates, which are obtained for each individual as the ratio of total earnings to hours worked. Hence the following analysis ignores the possibility that individuals may obtain overtime premiums, or may work in more than one job at different wage levels.
The majority of the data used as explanatory variables were recoded as zero-one dummy variables. To keep all the variables to a similar scale, all of the non-wage income variables were divided by 1000 while age was divided by 10. Any individuals with inconsistent observations on income from wages or salaries and hours worked, that is positive earnings for zero hours or zero earnings for positive hours, are excluded from the wage equation (as sensible wage rates cannot be calculated for them). However, these observations do remain in the selection equation assuming that we correctly observe whether or not they are working.
In the survey, individuals could name up to three ethnic groups with which they associate themselves. These three ethnic variables are recoded into one variable with the following categories for this analysis. Anyone who names Māori or a Pacific Islander group as one of the ethnic groups to which they belong is categorized as such. Those who do not name other ethnic groups are classified separately from those who also name alternative groups.
Those who do not name Māori or a Pacific Islander group, but who associate themselves with ethnic groups other than the Pakeha (or European) group, are grouped into the other non-European category. This group is also subdivided into two groups if sufficient observations are available. One group which only names other non-European ethnic groups to describe their ethnicity and one group which also names the European group. Individuals over 65 years (the current age of eligibility for New Zealand Superannuation) are excluded from the sample, as the labour market behaviour of retired individuals is very different to that of the working-age population. In the earlier survey years, individuals would be eligible for the New Zealand Superannuation at 60 years of age, but this was gradually increased to 65 years of age.
3 This change during the survey period provides an opportunity to look at the effect of this change on the labour force participation of individuals aged between 60 and 64. Other groups that have been excluded are those with a disability and those in full-time education, because similar to older individuals they are unlikely to participate in the labour force and the factors determining their participation decision would be quite different from other people of working age. Finally, the self employed are omitted from the sample, because their decision to work an additional hour has a less direct link to a wage rate for that additional hour than the link between wage rate and labour supply for the wage and salary earners 4 . In addition, the concepts of market wage and reservation wage underlying the selection equation in the wage model do not seem as relevant to the self employed as to wage and salary earners.
The eight surveys were pooled and the sample was divided into five demographic groups. although the distributions of the logarithm of the wages are slightly more peaked than the 3 This is a universal state-provided pension for all New Zealand residents over a certain age, which is not income tested. The age of eligibility changed over time in quarters of years. The data only report the age in full years, which means the eligibility for the superannuation is not certain for some individuals. In those cases where the eligibility is uncertain we represent eligibility by a value of 0.25 if the age of eligibility at the time of observation is for example 61.75 and the observed age is 61. Eligibility is represented by a value of 0.75 if the age of eligibility is for example 63.25 and the observed age is 63. For individuals who are eligible with certainty, that is the observed age is more than the age of eligibility, eligibility is represented by 1, whereas eligibility is represented by 0 for those individuals who are ineligible. 4 In the surveys used, there were 18,548 persons under 16 years of age, 3,476 people either at school or studying full-time, 715 individuals were permanently unavailable for work, 7,542 individuals were over the age of sixty-five and there were 4,720 self-employed persons. 5 All wage rates are increased to the values they would have had in the last quarter of 2001 using quarterly indices derived from average weekly earnings. Income from other sources is inflated with the appropriate consumer price index to obtain the value it would have had in the last quarter of 2001. 6 There were 257 male sole parents, compared with 1886 females.
corresponding normal distributions with the same mean and variance. Individuals reporting wage rates more than 50 per cent below the relevant minimum wage at the time or greater than $100 an hour are considered outliers and were omitted from the wage equation. 7 A total of 227 observations were excluded for this reason. As expected, the graphs show that the modal wage rate is higher for married men and women than for singles. The difference between men and women is less pronounced.
Besides the information in the HES data sets, quarterly unemployment rates by gender from the second quarter of 1996 and yearly information up to that time were included. The unemployment rates are used to create a time-dependent unemployment measure for each observation. 
Empirical Results
This section presents the main empirical results. The results of the maximum likelihood estimation are reported for couples, singles and sole parents in Tables 1, 2 and 3 respectively. Sample sizes for married women, married men, single women, single men and sole parents respectively are 12294, 10528, 4279, 4691 and 2166. The inverse Mill's ratio has the expected sign for all groups except sole parents, that is, for most groups the parameter is significant and positive. 8 The inverse Mill's ratio is negative for sole parents.
However, its value is very small and insignificant. The interpretation of negative inverse
Mill's ratios in this context was discussed by Ermisch and Wright (1994) .
The interpretation of coefficients in the wage model is not as straightforward as in a simple linear regression. The effect of a one-unit change in a characteristic is calculated by using the following formula: [exp(relevant coefficient) -1]×100%. For example, a married woman with a postgraduate degree is expected to be offered a wage rate about 52 per cent higher than for a married woman without post secondary qualifications.
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Personal Characteristics
The coefficients more or less display the expected variation of wage with age, that is, wage rates generally increase with age up to people's early forties, after which they decline with age. 10 A similar pattern is observed for Australia (Kalb and Scutella, 2002) . The effect is weakest for sole parents. The age effect is also more pronounced for singles and married men than for married women. A similar pattern is found for the probability of employment in the different groups, where the probability of employment is highest around 35 years old.
There are considerable differences in wage rates between occupations. Wage rates of managers, professionals, and associate professionals are highest, followed by clerks.
Agriculture or fishery workers seem to have the lowest wages although they are not significantly lower than for the elementary occupations.
Wage rates also tend to increase with the level of educational qualification across all groups. The model includes education levels and interaction terms of the two university levels and the medium-level and vocational education with age. Generally, people educated at university level have the highest wages. This higher wage level is not so obvious at a 8 The inverse Mill's ratio is equal to the covariance of the error terms of the wage and employment equations (ρσ ε ). Miller and Rummery (1991) found a positive value for women and a negative value for men. They also review results found in previous Australian studies. They do not distinguish between single and married men and women. Murray (1996) found a positive value for mothers (single and married) and Kalb (2000) found a positive value for married women and a negative (insignificant) value for married men. The maximum wage rate is expected at an age just over fifty. The age-earnings profiles are steeper for higher educated people and the maximum wage rate occurs at an older age for all groups other than married women. The latter effect may be explained by the different career path of women with children. Women with children would often have left the labour force temporarily or worked part time while their children were young. The effect of education on wages seems much lower for sole parents than for the other groups.
As expected, individuals with higher education levels are also more likely to be employed.
This effect is most obvious for women, followed by single men. Singles and married men with medium level education are more likely to participate when they are young, but as they grow older their employment rates drop more than the employment rates of the lower and higher educated groups. The participation in employment of sole parents with a postgraduate degree is at first lower but increases with age. At about the age of 40 the ranking of the different education levels is as expected.
Comparing the wage rates in the different industries the effects are less clear than for occupation or education, but the industry of mining and quarrying seems to pay higher wages for most groups (although the effect is not always significant, possibly due to the small proportion of some groups working in this industry). Electricity, Gas and Water pays higher wages as does the Finance and Real Estate industry. However, it is not the same industry that pays the highest wage relative to an individual's other characteristics (such as age or education) in all five groups. Examining the lowest paying industry there is less ambiguity. The Trade industry pays the lowest wage across all groups, although the difference is insignificant for sole parents.
Ethnicity affects wage rates to some extent for all groups apart from sole parents. People from European descent earn the highest wages, followed by the Māori and Pacific Islander population. The slight negative effect for this group is only significant (or close to being significant) for those who name this ethnic group as the only group to which they belong.
Other non-European groups receive the lowest wages. This is only significant for married men and women who name a non-European other group as one of more ethnic groups to which they belong. For men no distinction can be made between those who belong to nonEuropean other groups only and those who belong to the European group as well, because of the small size of the latter group. Employment rates are also lowest amongst this latter group for married women and sole parents. For the groups of married men and singles, those from Māori and Pacific Islander descent are least likely to be employed.
Examining the interaction of ethnic group (grouping the two Māori/Pacific Islander groups together and the two other Non-European groups) and education level (university and medium level, including vocational, bursary and other degrees, versus the lower levels), it is clear that wage and employment patterns differ across the ethnic groups by education.
With regard to the wage rate, married women from Māori/Pacific Islander descent seem to benefit less from education than the other groups, whereas those from non-European descent seem to benefit more. To a much lesser extent the latter also appears true for married men. None of the effects is significant for wages in the other three demographic groups and for employment in most groups. The only clearly significant effect is observed for single men from other non-European backgrounds who are more likely to be employed when they have a higher or medium education level. 14 Deprivation is measured by nine different components; three of these components are related to income and employment.
married men and singles affected most and sole parents least, but that unemployment has not affected wage rates significantly (although the sign is negative for men and sole parents). The models also include a yearly time trend to examine changes over time. The inclusion of quarterly unemployment rates should take out most of the effect of business cycle changes. Sole parents seem to have increased their labour force participation over the ten years of the study, which is reflected in higher employment rates in the later survey years 15 . There is also evidence of an increase in the employment rates for couples and for an increase in wage rates of single and married women over this time period.
Household characteristics
The selection equation of the model includes some family composition variables that are not expected to influence the wage equation. Important variables for married women and sole parents are the number of children and the age of the youngest child. As expected, the presence of more children reduces labour force participation and thus the probability of employment; and the presence of younger children has a larger effect than the presence of older children. Even for married men, some negative effects are found, although the effects are larger and significant for older children only. Compared to the effects for women (most sole parents are women), the effects for men are small and much less significant.
For married men and women, information on the partner's characteristics is included in the selection equation. A partner's employment has a positive effect on the person's own employment, but the higher the partner's wage income, the lower the effect. The latter counteracting effect is only significant for women. A partner's education decreases a woman's employment probability only if it is a university degree, whereas for men, the partner's higher education level mostly only increases the employment probability unless the partner has a postgraduate degree. The effects of the partner's education are larger for women.
The presence of other (non-labour) income in the household decreases the probability of employment for all groups except sole parents. For singles and sole parents, we also use an indicator of whether they are still living with their parents. Singles who live with their parents are less likely to be employed whereas sole parents living with their parents are more likely to be employed (although only at the 10 per cent significance level). This may indicate that the presence of their own parents could be a valuable source of childcare for sole parents, enabling them to work outside the home. Maloney (2000 Maloney ( , 2002 and Hurnard (2003) who all used more aggregated data with fewer control variables than are used for this study.
Policy-related variables
For married women, the partner's eligibility is also relevant. Some support for this result is found in Hurnard (2003) . Few sole parents are in the age group that is eligible and as a result the indicator is not significant for this group.
Another policy change with the potential to change labour force participation was the introduction of a part-time work requirement in April 1997 followed by a more extensive Wilson (2000) and Wilson and Ball (2001) seem to find an effect of the policy change on the propensity of Domestic Purposes Benefit recipients to declare earnings (which could partly be a reporting issue). They use administrative data from the Department of Work and
Income payments system, which have information on a much larger number of relevant individuals than the HES data set. Knutson (1998) notes the high rate of births amongst teenagers in New Zealand. This is comparable to the situation in the US, where a relatively large proportion of sole parents are teenage mothers. Comparing the employment rates of individuals who had a child as a teenager compared with those who did not, shows a much lower employment rate for those who had children as a teenager. However, an indicator for teenage births included in the selection equations is not significant for any of the groups. This may be caused by the fact that those who have children as a teenager have many other characteristics making them less likely to be employed. That is, the teenage birth is not causing the low employment rate but is being caused by the same factors that cause low employment rates.
Standard error and correlation
Finally, the estimated standard error (σ ε ) has a similar size over all the demographic groups.
It is largest for married men, indicating that for these groups a larger proportion of the differences in wage rates has not been explained by the variables included in the equation.
The standard error is smallest for single women. However, the differences between groups are rather small.
The correlation coefficient between the wage and selection equations in the models is relatively high for most groups, indicating that it is necessary to account for the correlation between the two equations.
Comparison with the two-step Heckman approach
Using the two-step Heckman approach to estimate the wage and selection equation results in similar parameter estimates for all the individual characteristics, as can be seen in Appendix 2 (Tables A.3 to A.5). The variables show a similar level of significance in the two specifications and all significant variables have coefficients that are quite close in the two alternatives. The direction of effects on the wage level and on the probability of employment is the same in both specifications regardless of significance.
The main difference between the two specifications lies in the mill's ratio, which is somewhat different in the two approaches for singles and married men. The estimated correlation for these groups, using the two-step approach, seems extremely high for these groups (particularly for singles). This does not seem to affect the estimates of the coefficients for the individual's characteristics, in which we are interested, to a large extent.
Conclusion
This paper has reported estimates of employment and wage equations for New Zealand workers, using pooled data from the Household Economic Surveys between 1991/92 and 2000/01. Selection bias was taken into account by estimating wage and selection equations simultaneously and allowing for correlation between the two equations. A comparison of this joint specification with the two-step Heckman approach shows that the estimated coefficients are similar in size and significance in the two approaches with the exception of the correlation coefficient between the two equations for singles and married men.
However, the latter does not seem to affect the estimated effects of an individual's characteristics on wage levels and employment probability to a large extent.
In addition to the usual characteristics included in wage and employment models, some alternative variables were included in this paper. First, the gradual change in the age of eligibility for New Zealand Superannuation from 60 to 65 years during the survey allowed us to examine the influence of eligibility for the Superannuation while controlling for several other characteristics. An individual's own eligibility plays a significant role in the decision to participate, whereas for women partner's eligibility is also important although to a lesser extent than their own eligibility. This effect is insignificant for sole parents, which may be explained by the small proportion of sole parents in the age group for which this change took place. No evidence was found for the effect of the changed work requirements for recipients of the Domestic Purposes Benefit or for the effect of teenage births on employment rates.
Secondly, the long time period for which data were available, allows a time trend to be estimated. The effect of business cycle changes was taken into account to some extent by including national unemployment rates in the model. It is found that changes took place for some groups over time and that unemployment rates do not seem to affect wage levels.
Wage rates for married and single women have increased over time to some extent.
Employment rates for sole parents increased over time and decreased with the unemployment rate for married men, and single women and men. Employment rates are affected by the usual characteristics as well, that is, women with younger or more children are less likely to be employed; individuals living in cities; more highly educated individuals; European New Zealanders, except for married women; and men married to a partner with a medium-level education are more likely to be employed.
Individuals with more income from other sources, with a partner on a higher wage income, with a partner with a postgraduate degree, and individuals from other non-European backgrounds (and Māori and Pacific Islander descent to a lesser extent) are less likely to be employed. The highest probability of employment occurs around the age of 35 years.
Appendix 1: Two-step Heckman Approach
This approach consists of two steps. In the first step, equation (2) is estimated, after which an estimate, , of the inverse Mill's ratio for a working individual i is obtained using:
Then in the second step, in order to avoid selectivity bias, a correction term is added to (3):
2) takes into account the correlation between u i and ε i . It can be seen that the variance of υ i , , is heteroscedastic, since:
where:
Efficient estimation of this model is carried out using the convenient two-step procedure of first estimating the probit model for the employment probability and calculating the predicted value for the inverse Mill's ratio, and then using the predicted Mill's ratio in the wage equation. Greene (1981) shows how to calculate the corrected standard errors. 
Appendix 2: Summary Statistics

